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DuTa ON THE COMPARTIVE BIOCHEAISTRY OF HIRANS
#ND SDIIANS®)

Ukmnins'kyv Bickhemichnyy Zhuvnal V. 5. asatiani, **)
Stats Medical

/Uxrainian Biochamical Jowrr i
No 3, Kiev, 1908, pp 39:-401 Inetlzute,
Teiidd

Tha biclogisel provimity eiwaun simians snd humins provides sufe
ficient ground for tro stuly of thoir biccucmisiry. Hovwever, the che~
mical statics and dyusmics of simians hawe not beaninvestigeted very
extensively, wkile othar laboratory animals, such as the dug, rebdis,
rat, eto,, have been studied ir much graatar detail,

‘oo so.

The carpazative biochamical value 0of the scattored and meagre
data on the bdicchemiciry of simians is furtber »duced by the fact
that correspending data aro rawsly obtairci as 4 re=ult of simultaro-
ous investigeiicas and use cf tis suze metbods on both hudans and

simiers,

Presented bdelow are our laboratory data on the biochamical com=
position of the diood of simisns, in ofnperiscn with corresponding

data obtained frcm a dlocd eaalysis of beulthy hixans,
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The 1avestigntion of Lrwar LotLeys Was cm:luctod on the specios
Macaca~razus (toc mAdes ard to foS.a es. 23 to %3 years old, weighing
2.7 to 4.1 xilograms),. Tho bicod was taken £:m the aural vo:.n. afier
the animals had been subjected to a lé-bour mtion pericd.

-

In %tke compaTative inveatigation of humans, wvenous blood was ena-
lyzed by toe eunc izvertigat) @ methids fria a goup of 10 hoanhy men

and wmaa, 19 to 28 yeurs Jid.

¥ article received by editors office 10 Jubs 1957,

*%) Lesisted by 4. K. agayeva, O, V. Kekelidze, T. P, Pichkhays and
1". V. Pruidse. .
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O Ia botb ocases, ths blood was analyzed in order to determins the
poreo

ntage of albudan fructions 13 blood (for this purposs, the method
of eslectropboresis on paper was usad), quantities of glucoproteids,
non-albumi{nous nitrogen compounds, npidu, aineral substances, the

aoction of somo ferments, and the quantities of various forms of adre~
nalize. (1) :

The results cbtained are shown in tadles,

Tadle 1, shovs the correlation of aldbumen fractions in the dlood
sorum of simions and humans, For E?ntsvo purposes, 4ita are also
prosented fraz Deutsch and Goodloe, vho employed the classiocal
Tiselius method of elactrophoresis, )

Tadle I.

Quantitiaes of .lbumea Fraoctions in the Blood
Sexrun of Huans and Simians
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In analyzing the data on the detomination of protein fractions as
shown in Table 1, wo must roclizs that for obvious reasons %o can not
expect an exnot coincidence betzoen the results obtained by tho method
of olectrophorosis on paper and tho rosults obtained by tho Tisalius
method. Therefore, the comparison of the results of the two motbhods
can not be complete; In spite of this some compariscn of the data 1is
posaible., A8 Been from the tadle, both methods of analysis yleld o~
paradble results. The oloctrophoresis on paper gives higher values for
results on the quantity of albumon and comparatively low values for re~
sults on the quantity of glodbulins, Thia 1s ovoh mors clearly yeflected
in tbe results of the analysis of blood sorum in simians.

Yo wore interestod in the question “hether the albumen fractions in
tho blood of sinions possuss charaoteristics -hich could be consjdered
specifio to thelr spacios. 4 cortain amount of evidenco for such a cone
clusion can be found in our data. It may suffice to point out that the
percentags contont of the alpha and alpha - glodbulins is consideradly
lowor in the blood of simians than in the blood of bumans, while the con-
tont of gomma=-glodbulins i{s 3lightly higher {n the blood of simians than
in hunan blood. It must also do noted that in respect to gamma~glodulins,
those differences are loss promouncod., 48 it 1s known, the number of gam=
ma-glodbulins which dasically carry different anti-bodies sbarply in -
0reases in immunizod animals, ot the present time garma-globulins are
widely uead as preventive and curativo moans in combating many infeo -
tious d1seases (the protection of monkeys from oxperimontal poliumyeli-
tis by tho use of gamma=-globulins of human blood can be cited as an ex-
ulph) .

according to the data of Deutsch and Goodloe, the percentage ocontent
of gamma-globulin in the blood plasma of both bhumans and simians (Macaco-
rozus) is tho same., Those authors found tho Aiffarinco between thoe blood
Plama of humans and simians in the quantity of the first electrophoreous
fraction (f) which precedss the albumins {origin of this fraction bas not
been dotormined), and also {n the presunoe of alpba-glodbulin fructiocans,
ubich are alsoc found irn the blood of cats and guinea pigs. as can de
seen from the data of thoso authors, the quantitative diiferonces are of
& less pronounced nature.

On tho basis of tho abovo-montioned aiffcoroncos, wa can conlude
that the elocirophoretic chaructoristics of the blood of lower monkeys
provide us Tith suffioiort avidence for tho determination of specifie
distinctions detueen these animals and man.




Tadle II.

Quantities of glucoproteids in milligram percentage in the
Blood serum of healthy hunans and simians
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In relation to simians, tbho data are only of a tentative character.
Novertheless, tny give us rcasons to supyose that the deopor study of

§ O glucoproteids in the blood of simians (not only in lowor monkoys, but

biochomi stry.
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4lso in anthropoid apes) can bde of substantial intarest to comparative

a8 far as non-aldbuminous nitrous substances aro councornod, omp
rative data are prosocnted in mh Se .
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Table III.

Quantities of non-albuminous nitrous substances ‘
in the bdlood. serum of humans and simians

3 : ! 3

3 $ 3
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The above presanted data allow us to see consideradble differences
in the distridution of non-alduainous pitrous substarces in the dlood of
bumans and lower monkeys (a higher concentration of creatinine, a lower
concentration of uric acld acd glutathione, and the absence of ergot—-
doneine is found in tbe blood of monkeys).

It is nocessary to point out that lower monkeys secrete very littls
uric acid as such. They tranmute the uric acid into allantoin, which is
charucteristic of a majority of mammals, with the exception of anthropoid
apes and man himeelf, This fact can be ocompared t¢ the adove-cited data
on the low level of uric acid in the blood of lowar monkeys. In spite of
the fact that allantoin may be found in mall Quantities in the urine of
humans (urine of newborn vabies contains a conajderablie amouwnt of allan-
toin), this biochemical peculiarity of the urine of lower monkeys is of
interest,

It 1s possible thut anthropoid apes (as well as humans) are deprived
of tha forment of uricase, under whose influence uric acid turns into
alluntoin. :

In as far as the guantity of non-alduminous nitrous substances in
tho whole blood of lower monkeys is conceyned, only those d ata are avalil-
adle (3) which show thut the quantity of urea varies within the limits cf
5.8 « 6.4 mg?l, the quantity of urioc aoid, within the limits of 0,3 = 0.4
mgh; and the quantity of oreatinine s l.4 mgh (all data axe given in mgh
of nitrogen). (See Tabdbls 3).
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o The content of lipides in tho fluids and t{ssues of sinians {8 very t
* 1ittle known, according to tho date of N. I, Tavastsherna (4), the :
whole-blood of monkey-rezus contains 167 mgh of common chloresterine,
and that of mopkoy-lapunder containa froa 120 = 149 mgl. In the dlood
sezum of & young fuzale (three years 018), IV, I. Tavastsberna found 10%-
118 ngs of common ehlorenerim, in the blood of a young male, 118 mgh,
and {p the blood of an old male and famale, 100 and 17?7 mg%, respect~
ively, Aacoording to other data (5) the dlood serum of a monkey ocontains
118 mgs of oommon chloresterine. !

Our laboratory has obtainad only a fow results from the bdlood ana-
lyses of lover monkeys (Trezus), These results offer some idea on the
distribution of frve chlorestarine and its ethers in the blood of simi~
anss according to these results, the whole~blood of a monkey contains
115-132 ag: of common chloresterine, 22-3) mge of ether-related chlores=
terine.

48 we knoz, numerous investigators give contrudictory data on the
quantity of chlorestorin i{n the bdlood (serum, plasma) of bumans, Es-
pocially contradictory are the data on the extremo content ranges of
chlorosturine, 150-200 mgh of common chlorestorine are accepted as the
standard rate for whole=blood. (6)

In spito of the moagre data, it appears that the blood of simians
contains o Alightly smaller amount of oconmon chloresterine than the
blood of humans, Tho 1oz perocantage of freo chorosterine (about 20 per-
cent of tho total amowt, instoad of 30 - 40 porcont usual for the blood

o of maturo mon in tho blood of simians, resomblos a pictum ofton obsarvod
in thu blood or children.

Tho data on tho quantity of chloresterine in tho blood of simians
also rosomblos tho dlood of humans undor starvation. In the dlood of
humans under starvation, togothor with tho reducod quantity of chlon.-
torino, a rcducod lovel of albunun is also odbsorvad.

In the dlood of doth simians and humans, tho quantitioe of caloium,
irom, coppor, suu. siliciua, 1odine, and various forms of sulphur wero
determinod.

Data charactorizing tho quantiti.s of thoso minoral substancos in
tbo blood of hunans and simions arc showp 12 Tabdls 4.
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. O Tadle IV ;
Quantities of mineral substances in the dlood . '

of lower monkeys an” humansi : K

(authors* data and dsta taken from other sources)
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nkg, respectively/. continued on nex page
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t0 1000 ml of the blood of simians: whole blood: 83-110 (average -
$3); plama: 103-118 (aversge-110); erythrocytes: 56-73 (average =

67).

Note: albritton {7) gives the contents of chlorides inm milliequivalents
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The tudble also includes datu odtained by various investigators at
difforent times but employing the Seme metbod of blood analysis on doth
humans and simians,

As cap te seen from Tudble 4, data on the mineral composition of
dlood show no special distinctions tatween the blood of lower monXeys
and buzuns. Hence we can reach the conolusion that the formulne of
1iquids which can compensate tho loss of blood whon they are injectad
into blood vossels can be first determimod on lower monkeys and later
applied to human beings.

Unfortunately, data on the individual components of the salt-com-
posi{tion of the blood of simians were obtained dy different investiga-
tors (including authors of this article) during.various seascus of the
year. It i3 therafore impossible to detormins the presence of probable
seasonal fluctuations in the data.

at the suds timo, in spitv of all the similarity of mineral com- -
positions, tha erythrocytos /red dlood corpuscles/ of humans are alight-
ly richer in zinc cootent.

Thls 2oes not completuly correspond to the degres of activity of
carboni¢ anhydrosis fugol'naya angdrau] (of wbich zinc is a constitu-
ont part), which is tho sams i{n the blood of humans and simians.

The scacwhat highor quantity of mgnssium _found in the whole-blocd
of simians {8 probably due to the fact thut ths !nwestigations woro con-
ductod on young morkays (ths erythrocytos of young animal s are usually
richir in magnesium), The slightly low.r quantity of iron and coppsr
found {n tho wholo-blood of simlans, corresponds to tho lovwer concentru=
tion of comaon albumun (particularly beamoglodin) in the bHlood of simians,
which was amwationad carlier.

It 1s a known fact (10) that thu averuge quantity of hemoglobin is
slightly lower in the tholo-blood of simians tban 1a ths thole-blood of
hucans,

It 18 of intureat to comparative biochumi stry that tho simiana and
humans bslong to tho samu group of mumaals, {., @. 1f vo judgo them on
tha charnotor of tho solcctive conmcentration of potassium ions by ery-
throcytes. In tho aucond group of mamals, W. wWotld tbon havo the dog
and the cat, which bave 3 predomimance of sodium in tho orythrocytos
in tbiir blood. )

In rospoct to spocific albvumam-formonts, corrosponding data are

rathor acanty. 4. 5. Konikova and a V. Vodova (11) discowored that the
catalytic activity in the blood of tho daboon-hamdril /gomadri}/ coa-
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7o table also includes data obtaired by various investigators at
difforuct timos but eaploylng tbe same method of dlood analysis on both
humars acd siziuns,

a8 can te ooon from Tubdle 4, data on the mineral compoaition of
lood ohow po special distinctions betwsan the blood of lower monkeys
and husuns. Hexce wa can reach the conclusion that the formulame of
liquids which can compensate the loas of blood when they are injected
into blood vogsels can de first determimad on lower monkeys and later
applied to Lhuman beings.

Urfortunately, data on tbe individual components of the salt-com=
position of the blood of simians were obtainod by different investigo- X
tors (including authors & this article) during varioue seasons of the |
year. It is thorefore impossible to determins the prosence of probable ?
seasonal fluctuations in the data. {

at the sume timo, 4n spite of all the similarity of mireral ooz~
positions, tha erythrocytes /red blood corpuacleg/ of humans are slight-
ly richer in zinc content,

This doss not complotuly correspond to the degree of activity of
carboric anhydrosis fugol'naya ansidram] {of which 2inc 1s a constitu-
ext part), which is tho samo in ths blood of bumans and simdans.

The soncwhat higkor quantity of mugnseiun .found in the whole-blood
of simians 1s probably duc to tbe fact that tho investigations woere con-
ducted on young motkays (the erythrocytos of young animal s are ususlly
richor in magnesium). The sligbtly loacr quantity of iron and copper
found in tho wholo-blood of simians, corresponds to the lovwer conceutra~
tion of common elbunen {rarticularly hemoglobin) in the blood of simians,
which was mentionsd oarlier.

It 48 a known fact (10) that tho average quantity of bemoglobin is
slightly lovwer in thv wholo=blood of simians than in tho tholo=-blood of
bumans,

It 18 of inturest to comparative biochumistry that ths simiune and
hunans belong to tho samu group of mummals, 1. 6. 41f Vo judgo them on
tha ckhoracter of tho solcetive concoentration of potassium ions by ery-
throcytes., In tho sucond group of mamels, We would then have thoe dog
and the cat, which bavo a prcdoninance of sodium in tho orythrocytes
in thir blood.

In rospost to epocific albumoan-formunts, corrosponding data are

rathor scanty. 4. S. Konikovo and a V. Vodova (11) discovored that the
catalytic activity in the blood of tho baboon~hamadril /gamadri}/ con=
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O stituss 6,75 equivalent units {according to the method of 4. N. Baocn abd
Zubkova), while tho protoolytioc activity in tha dlood of three baboon-~
bamadrils, equallod 20, 23, and 29 mgh of rosidual nitrogen, This figure

1s noticoably highor tban the figures obtained from the analysos of nor-
msl blood,

according to the data of those investigators, the amylase activity
in the dlood of throe lower monkeys equalled 12,0, 22,6 and 41.1 mgh of
Sgar . Corresponding analyscs of bhuzan blood were not perfomed.

Finally, the ruview of H, Gi{bian (12), mentions the prosence of &
considerable quantity of carbonic anhydrosis in the ceredellum and cor-
tex of u monkny (typs not indicated). aocording to C: Kocbakian and
others (13), the blood of lower monkeys, unlike the blood of man, dces
not contain any arginasss. The lovwer monkeys aleo differ from humans
and anthropoid apos in the fact that their blood contains ferments of
uricase. In the avalloblo literature, Wwe did not find any other {nfor-
mation portaining to the blood feurmonts (enzymes?) of simiane.

Data which wore obtained in our laboratory are presentsd in Table
8.

Tadble V

The aetivity of various foxments in the blood of
bumnans and simians:

O Objuct of: No. of Ferments (in equivalent units) :

J investi~ : tostt : anmylnse : aldolase : 4Alikaline : Carbonio
; gation 3 :afsx King : after Brun : Phospha- § anhydrase
X H : H t taso after @ arter
. s 3 : : Bodanski :Brinkman-~
¢ : : : : : Krope
] ] s : : : ¢
i Man " s 10 ¢ 85195 : 3,3-8,0 : 1,6~4.8 t 2.3-2.8
: f} t : t
Monkey : : H L :
Y (Macaca- : 4 : 65=220 : 2,6-14.5 : 3.5-16.5 : 2.4-2,9
Tezus) i : : H

AD analysis of this data showus an vwxtonsive rangs of variations of

: tho amylcso activity in tho blood serva of simians. Thoso variations in

thc titre of amylase were obsorvod not only in difforent monkeys., For

I . {nstance during a period of 15 days we found that the variations in the

& amylose activity of thuv blood serum of the vory sams monkey ranged from
80 to 170 equivalont units, ’
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If wo supplomunt thoss facts by thu findings of S. D, Balakhovskiy
{14), who peints out that the variations in tho titro of amilass in the
blood of beoltbhy humans, oru Dot oxtensive, we can speak adbout spocifio
distinctions of lower monkeys. However, observations of healthy humans
8how ( 8se Table 5) that aimilar variatiorns in the titre of amilase are
6lso possible in the huzan blood.

Ve were also unadle to find any special differences between the
aldolase activity in tho blood serum of lower monkeys and that of heale
thy humans, More evideut are the differerces in the phosphatase acti-
vity. The quantity of alkaline phospbataso ina the blood serum of the
Thesus monkey considerably differs from the quantity of the same agent
in the blood serum of grown men and somewbat reseables the variations
of the titre of alcaline phosphates in the blood of younger children,
Houever, we can not entirely exclude the possidle presence of obliter=-
ated, beginnirng stages of rachitis, in the captive monkeys under inves-
tigation, &8 it {8 imown, rachitis is follored by an increase in the
titre of the phosphutase ia tbe blood,

It 3us ulso ipdicuted that the amount of carbonic anydrase i{n the
blood of the rbhesus monkey and {n the bdlood of bumans are almost the
same, :

Data on tbo quantity of hormones in the blocd of simians, partiou=-
larly bormores which are socreted by the adrenal glands, are also of
considerable interest to comparative biochemistry.

Tho quantity of corticosterons /#"Kortikosteron"/ and hydrocorti-
zone /MGidrokortizon"/ (tbat is, 17-oxicorticosterons /*17-oksikortiime~
teron"/) in the blood flowing from the adrenal glands gives us a basio
1dea about the secretory activity of these glands. The activity of the
glands ip simians, is of a different character froa that in humans and
other kinds of animals. e have some data whicbh show tbat the quantity
of 17-corticosterone in simians 18 20 times higher than tbhe quantity of
corticosterone. a8 far as cortizone is concerzed, it can be found in
the peripheral dlood and urine of bumans but not in the dlood flouwing
froo the adrenal glands,

The quantity of 17-oxisteroids /Moksisteroid"/ in the blood of lcz-
ar monkeys waé recently determined in reliadble investigations (16). T:a
investigations ware carried out on $0 monkeys of the Macaca-rhesus and
Cinomcgus /Mtsinomolgus”/] spacies, In respect to the quantity of ster-
oids in the plusma of peripheral dlood, tho authors found no differvnces
betveen t.Le kinds /species/ and sexes,

Tke average level of 17-oxisteroids was 37,7 mgd (standurd deviation

of 7.8). By comparing this data with corrosponding data on human dlood
(8), o £ind that the blood of the rhesus monkey contains almost three
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timos more storoids thun the blood of humans, This picture of adrenul
steroids givesus a busia for the ussumption of specific distinctions
in tho blochemistry of lower moakeys.

Wo found mo data in the literuture about anotbor bormoze of the
@dronal glands - the adrenalirs =- nor did we find arything about adron-
alineala in simians, The activity of the ceredral layer of adrenal
glands is of interost, even if only because of tho fact that during the
deficioncy of adrenals, the blochemical poculiarity of tho carbo-hydrate
motabolian in monkuys 18 charactorized by an appreciable low level of
sugar in the blood, and glycogen in the liver, This fuct stands in a
contrast to thu comparatively high valuss of the conclusive data (17).
The chlef symptom of this deficiency in simians, are hypoglycaaic comvul~
sions. .8 far as the level of glycogen in the muscles and in the beart
is concorned, lovor monkeys bardly differ from hunans,

Our laboratory has at its disposal a number of results from the
analyses of “hole~blocd of the rhesus monkey. The quantity of adrenal-
ins varios betveon 0-35 mkgi and tho quantity of debydrenaline, betueen
0-18 mkgh.

8 1t 18 known, data on the quantity of adronaline in the blood of
humane are quite contradictory, as they vary with the methods of analy-
ais used dy the various researchers. For this reason, we ghall compare
only the results of those researchers who used the sams methods of ana~
lysis. T. P. Pichkhaya (18), found that tho fluctuations of adrenalins

“4n the blood of humans remain within the lixaits of 8-28 mkg?, and the

fluctuations of dehydroadrenaline, within the limits of 2-35 mkgh.

4 coaparison of the titres of physiological adrenalinemia and hy=
peradrenalinemia shows a close similarity in this aspect bdetveen the
bilockemistry of humans and simians,

Conclusion

On the basia of the above-presented information, We can <onclude
that the {ntensified study of biochemical indices of the organiams of
lover and higher monkeys is of considerabls interest and should, un~
doubtedly, yield materials for a further differentiation of biochemis=
try (possidly, nct only between species but witbin speciss as well).

The application of the netbods of biochemical anelysis, as ussd in the
study of the biochemistry of huuans, tO the systematic study of simlans,
sbould produce information which can be of considerable interest for
the understanding of the evolution of biocbemical processes. The appli-
cation of the biochemical analysis will also enable us to use monkeys
as objects for the experimental reproduction and study of those dissases
which are common t0 man. .
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